Abstract: Governing forest ecosystem services as a forest socio-ecological system is an evolving concept in the face of different environmental and social challenges. Therefore, different modes of ecosystem governance such as hierarchical, scientific-technical, and adaptive-collaborative governance have been developed. Although each form of governance offers important features, no one form on its own is sufficient to attain sustainable environmental governance (SEG). Thus, the blending of important features of each mode of governance could contribute to SEG, through a combination of both hierarchical and collaborative governance systems supported by scientifically and technically aided knowledge. This should be further reinforced by the broad engagement of stakeholders to ensure the improved well-being of both ecosystems and humans. Some form of governance and forest management measures, including sustainable forest management, forest certification, and payment for ecosystem services mechanisms, are also contributing to that end. While issues around commodification and putting a price on nature are still contested due to the complex relationship between different services, if these limitations are taken into account, the governance of forest ecosystem services will serve as a means of effective environmental governance and the sustainable management of forest resources. Therefore, forest ecosystem services governance has a promising future for SEG, provided limitations are tackled with due care in future governance endeavors.
Introduction
Governance of forest ecosystem services (FES), which leads to benefits for human well-being derived from forest ecosystems [1] , is gaining traction these days as a critical component of contemporary environmental governance [2, 3] . The concept of governance is the sum of the many ways that individuals and institutions, both private and public, coordinate and manage their complex and common affairs [3] [4] [5] . The governance of FES refers to the interaction of laws and other norms, institutions, and processes through which a society exercises powers and responsibilities to make and implement decisions affecting forest-related ecosystem services [3] . Therefore, governments are not the only authority to establish rules for the governance of FES [2] . Instead, FES governance involves the interplay of governmental, intergovernmental, and nongovernmental institutions, the private sector, and civil society, based on the rules and regulations established by customary and statutory law [3] . As a result, governance can work in two directions. For example, the legal framework influences the institutional framework and instruments, whereas locally tested instruments can also initiate the creation of adequate and appropriate laws and institutions, both on regional and national levels [3] .
Methods
The study is based on a literature search in various web-based databases [24] [25] [26] , and the methodological approach is illustrated in Figure 1 . The web-based databases used are Google Scholar, ISI Web of Science, Science Direct, and Scopus. The search was primarily focused on the governance of forest ecosystem services. The key terms used during the search were "Forest" OR "Ecosystem service(s)" OR "Governance". In addition, several kinds of word combinations were also used to find more articles (Figure 1 ). First-round screening was done based on a quick review of title, abstract, and keywords in the articles. In addition to peer-reviewed articles, we also used conference proceedings, technical reports, government publications, and book chapters during the review process.
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Governance of Forest Ecosystem Services: Conceptual Evolution
With the growing interest in the concept of FES worldwide, different modes of governance of these services have evolved. The ecosystem services (ES) concept first appeared in the 1980s [27] and became prominent in 2005 with the release of the Millennium Ecosystem Assessment [28] . Now it is widely recognized as a concept for the benefit of both nature and human well-being derived from healthy ecosystems [1, 6] . Different modes of governing these services have evolved with the development of the concept of ES: (1) Hierarchical governance, (2) scientific-technical governance, (3) adaptive collaborative governance, and (4) governance of strategic behaviors [29] .
Hierarchical Governance
Hierarchical FES governance encompasses the way in which international decisions and policies are prepared, and how these will help frame national-level policy and implementation [29] . The Convention on Biological Diversity (CBD), for example, is a multilateral environmental agreement, with several provisions for biodiversity conservation, which are reflected as governing policy documents for biodiversity and ecosystem management at national and local levels in the member states [30, 31] . The Economics of Ecosystems and Biodiversity (TEEB) is another approach 
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Hierarchical FES governance encompasses the way in which international decisions and policies are prepared, and how these will help frame national-level policy and implementation [29] . The Convention on Biological Diversity (CBD), for example, is a multilateral environmental agreement, with several provisions for biodiversity conservation, which are reflected as governing policy documents for biodiversity and ecosystem management at national and local levels in the member states [30, 31] . The Economics of Ecosystems and Biodiversity (TEEB) is another approach being practiced at the national level in the United Kingdom, Belgium, and The Netherlands, mainly to develop integrated decision-making systems for ES [32] .
As much effort goes into monitoring and reporting on the progress towards policy targets at the national level, it has raised concerns as to whether such global monitoring and reporting help guide conservation actions effectively at national and subnational levels [33] . Similarly, indicators used for these purposes are also inconsistent. Furthermore, conservation and management of ES require long-term commitments made by national governments under the premises of international conventions. However, these previously approved commitments and policies can be threatened or simply terminated by changes in power or government [33, 34] .
Different actors, including those from both government and nongovernment sectors, are involved in the management of FES. Even though multi-stakeholders engagement might bring ownership to the governance process, there is also the danger of individuals and institutions in positions of power narrowly interpreting such international policy frameworks to serve their own purposes in terms of national policy [29] . For example, government agencies, in general, place emphasis on regulating, cultural and aesthetic types of ES, whereas the public and users of the FES at the grass roots level are more interested in provisioning services to meet their daily requirements, especially in rural settings in developing countries. Therefore, assessments and recommendations, such as those delivered by the CBD and by the Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES), should focus on decision-makers in the government, and also on the many actors involved in the fields of biodiversity and ecosystems [33] .
Furthermore, in some cases, international policies are less ambitious than national policies that are already in place. For example, while the CBD requires member states to have at least 17% of their land as protected areas [35] , in Nepal, 23.23% of the land is already designated and governed as protected areas [36] . Therefore, there needs to be caution in applying these policies, in line with realities in the field. Similarly, we should promote mainstreaming forest ES in national and subnational policies and guidelines [37, 38] , which should be further strengthened by developing dedicated financing mechanisms, and developing better tools to help policy makers exploit cross-sectoral synergies and manage trade-offs between ES [37].
Scientific-Technical Governance
Scientific-technical governance is another form of ecosystem service governance that supports both hierarchical policy formulation and the bottom-up approach of policy, by supplying required technical and scientific input [29, 39] . For example, it provides cutting-edge knowledge in the field of FES and helps to produce an effective policy framework at national and local levels. A major feature of this sort of governance is the incorporation of science-based arguments into policies and practical governance situations [40] . However, there are problems with smooth knowledge flow, communication, and broad public participation, which affect the overall FES governance [29] . For example, scientifically embedded and technically aided policy and practice are sometimes difficult for policy makers and local communities to understand [41, 42] . Therefore, there needs to be external support and a buildup of stakeholders' capacity.
Further, only a thorough understanding of how social and ecological systems interact to produce ecosystem services can address issues of governance. For this, more integrative collaboration on studies about complex forest socio-ecological systems across social sciences, natural sciences, and the humanities is required [43] . Similarly, widespread mismatches between governance needs and ES approaches, if any, can be closed by developing tools built on existing knowledge systems and governance arrangements [44] . More importantly, these findings should be communicated across ecosystem and sector boundaries [44] .
Adaptive Collaborative Governance
Considering the lack of adequate stakeholder engagement and of broader public ownership resulting from hierarchical and scientific knowledge-based governance, adaptive collaborative governance came to the fore to overcome these problems [29, 45, 46] . The major aim of this approach is to integrate arguments from both analytical and pragmatic points of view, and underscore the importance of norms and stakeholder commitment to achieve broader ownership and effective implementation as collective governance [29, 47, 48] . The particular features of adaptive collaborative governance are that it provides a theoretical basis for research that combines analyses of novel governance capacities, such as adaptive capacity, collaboration, scaling, knowledge, and learning [46] .
The approach is primarily bottom-up and emphasizes methods of sustainable governance, such as participatory decision-making and implementation [49] . More importantly, methods are context-specific based on a learning-by-doing modus operandi and do not follow the blueprint approach of one-size-fits-all. The community forestry program of Nepal is a good example of adaptive collaborative governance, in which national policy was formulated based on a series of pilot studies of forest management and governance in the field, and later scaled up as a community forestry program throughout the country by the Forest Act 1993 [50, 51] . As a result, community forest user groups have now self-organized as a social network and promoted resilient forest socio-ecological systems [52] .
Governance of Strategic Behaviors
Despite every effort to involve all stakeholders in FES governance, some sections of society and their interests might be overlooked, and there are risks that these sections of the community will pose challenges or create barriers to implementation [53] . For example, if some stakeholders fear economic loss due to conservation efforts around ES, they might argue against the conservation policy and governance mechanism [29, 54] . A form of governance called governance of strategic behaviors [55] helps to incorporate the dissenting views on governance processes as far as possible [56] .
Each mode of governance has important features. The main advantages and limitations of each mode of governance are summarized in Table 1 . • Top-down approach is used.
•
Certain powerful actors and sectors could narrowly interpret broadly defined international commitments.
• Local issues and actors may not be properly represented in decision-making, resulting in lack of ownership over the process.
Transfer of arguments occurs in multilateral governance.
Scientifictechnical governance

•
Maximizes the effectiveness in reaching policy goals.
• Supports scientifically and technically sound policy and governance.
• Scientists are considered as important stakeholders.
• Scientifically aided policy might be different from local and indigenous practices, resulting in unexpected friction in implementation and impending the overall effectiveness of the program. • Complexity in decision-making and overall governance exists due to large numbers of stakeholders.
Balancing both hierarchical and scientific-technical governance is quite tricky.
Governance of strategic behaviors
• Encourages proactive stances and provides opportunity for redefining and reframing policy.
•
Opportunity to gain the confidence of those stakeholders negatively affected by conservation policies and governance processes, both in policy making and implementation, and to involve them throughout the process.
• If those affected stakeholders are in a position to dominate the policy and implementation discourse, they might argue against the policy.
Not a "one-size-fit-all" solution, but it depends rather on various contexts and situations.
However, not one of these systems is sufficient for SEG on its own. Still, there is potential to incorporate beneficial features from each mode of governing FES, such as science-based knowledge in both international policy process and adaptive collaborative governance, while embracing the dissenting views at both the national and local levels. The resulting governance framework now can be regarded as SEG in general, and sustainable governance of FES in particular.
Against these set SEG definitions and criteria, two important FES governance frameworks, viz. sustainable forest management and payment for ecosystem services, will be examined as illustrative examples to assess the importance of these instruments for environmentally sustainable governance.
Sustainable Forest Management
Sustainable forest management (SFM) is a forest governance approach to tackling unsustainable use of forest resources, by promoting sustainable production of different goods and services from the forest [57] . Therefore, SFM considers the needs of both present and future generations, while addressing the challenges of meeting increased demands of a growing population and maintaining healthy forest ecosystems [58] . Criteria and indicators (C&Is) of SFM and forest certification are two major policy instruments that support SFM practice.
C&Is work as a basis for measuring the changes in forest condition and promote SFM at national, subnational, and forest management unit levels. The Montreal process of C&Is and the International Tropical Timber Organization (ITTO) C&Is processes are major governance instruments used mainly in temperate and tropical nations, respectively [59] . Although these operate in different regions, their common goals are to promote SFM in their respective regions. However, most of these C&Is are heavily based on top-down approaches at the regional level, which might not be applicable in the field [60] . To address this drawback, some community-based forest management initiatives, such as community forest management and collaborative forest management, are based on local indigenous knowledge [61] .
Forest certification is another equally important instrument of sustainable forest governance, in which a third-party, independent certifier assesses the quality of forest management against predetermined standards [62] . If forest management and overall governance are found to be compliant with the pre-set criteria, forest management and forest products are given written assurance as certified products [63] . Forest certification creates awareness about using products from sustainably managed forests and adopts sustainable consumption patterns; it also helps the banning of products from uncertified forests and thereby reduces illegal harvesting. This will eventually lead to sustainable forest management [64] . For example, the Forest Stewardship Council (FSC) and Pan European Forest Certification (PEFC) are major forest certification initiatives in tropical and temperate countries [65] .
However, as is the case for the C&Is framework for SFM, forest certification is also heavily dependent on a top-down approach, and local issues are not properly addressed. Similarly, it is still hard to measure how far certification schemes are successful in achieving sustainability governance, although they offer improvements in forest management and bring different stakeholders on board [63] . Furthermore, they involve heavy costs, so developing and resource-poor countries could not afford the cost on their own [66] . Therefore, some even perceive certification as a trade-related barrier imposed by developed nations on the developing world, the nations of which cannot afford the cost and cumbersome bureaucratic procedures needed for the certification [63] . In other words, developing countries and countries in transition might not afford the forest certification on their own. As a result, forest products from uncertified forests could not go into the market in the absence of forest certification.
A recent study by Tian et al. [67] in Shandong province of China has made interesting observations on benefits and drawbacks of forest certification in China, and the potential ways to tackle with these drawbacks. The perceived benefits include increased timber growth and health, expanded markets for harvested forest products, price premiums for harvested forest products, public recognition for practicing responsible forestry, environmentally friendly timber harvesting, and better management practices [67] . On the other hand, the potential drawbacks are the increased cost of forest management, increased record keeping and paperwork, periodic on-site inspections of forestry practices, adherence to a forest management plan, and decreased diversity in types of potential timber harvesting practices [67] . For example, as the cost of forest certification is considered as one of the important barriers for landowners to participate in the certification program in China, establishing some incentive-based mechanism, such as provision of compensation, subsidies, and tax reduction, especially for small-scale forest landowners, could help to reduce the cost and attract landowners to the certification program [68] . Similarly, group certification might be useful to reduce the cost and other requirements of certification, such as increased paper work, thereby promoting landowners' interest in forest certification. Therefore, considering the fact that certification alone may be insufficient to the sustainability of forest resource management in China, the country has initiated new policy instruments, such as the Natural Forest Protection Program and Grain to Green Program, to accommodate both economic and environmental interests, from both markets and the government [67, 69] . For example, the Natural Forest Protection Program bans commercial logging and helps restore protective watershed, whereas the Grain to Green Program is designed to increase vegetative cover and support forest landscape restoration [67, 69] .
In summary, SFM is an advantageous approach to the framework for the governance of FES. However, it still has practical challenges, such as addressing the local-level C&Is of SFM and certification. Therefore, attention must be paid to local forest management issues while formulating frameworks that blend both local and scientific knowledge in order to promote effective SEG.
Payment for Ecosystem Services
Payment for ecosystem services (PES) is a governing framework of ES based on the economic valuation of ES from forest socio-ecological systems [70] . It is primarily founded on market-based policy to realize hypothetical or even unrecognized market value in real cash flows, in which providers of ES are paid by the beneficiaries of these services [71] . In order to realize these market-based approaches, there needs to be compartmentalization of services from the forest, and their commodification as a tradable commodity [72] . Major ES promoted through PES as commodification are watershed protection, biodiversity conservation, carbon sequestration, and aesthetic and landscape beauty in forest-dominated socio-ecological landscapes [73] . Therefore, it is based on the beneficiary-pays rather than of polluter-pays principles [74] .
The major benefits of PES schemes are that they recognize and communicate the relationship between economic processes and ecosystem functions. The schemes help to solve the tension between environmental conservation and economic development in an effort to create the win-win situation of ecosystem integrity and human well-being [72, 75] . Further, PES makes the linkage between resource-based users managing FES and the beneficiaries of these services [76] . Latin American countries are pioneers in promoting PES [77] . For example, Costa Rica has a remarkable track record of extensive PES implementation as an innovative means to sustainable forest management, in which land users and managers are paid for their contributions to new plantations, sustainable logging, and natural forest conservation [78] . As a result, the scheme contributes to water catchment protection, for which hydroelectric power generators and other industrial water users pay for upstream communities to conserve resources [79] .
Similarly, reducing emissions from deforestation and degradation (REDD+) is a concept based on the premise of PES, which can be applied on a broader scale from local to regional levels [77] . It helps to generate incentives for the protection and better management of forests for carbon storage and sequestration in the forest, which were once considered to be non-market benefits [80] . Pilot studies of REDD+ in Nepal and Vietnam have shown this approach has a promising future in forest conservation and enhancing the well-being of nearby communities [81, 82] .
However, there are several limitations of PES mechanisms. First, valuation and payment mechanisms are primarily based on the compartmentalization and commodification of complex ES, which is not practical due to the nonlinear, multidimensional, and multi-scale nature of ecosystem dynamics in most cases [83, 84] . Second, PES approaches do not accommodate complex relationships and instead significantly reduce such complexity in compartmentalizing ES into different units [71] . Therefore, compartmentalization and commodification of FES promote single-services-based governance, such as carbon, timber, and water, instead of integrated governance, to tackle complex problems. This simplification is exacerbated by the current practice of promoting isolated social and ecological policies instead of integrated socio-ecological policies and practices [84] .
Furthermore, there is not a market mechanism for every service, especially intangible services such as cultural and spiritual values derived from the forest [85] , and other supporting services, including nutrient cycling and soil formation [1] . It is indeed difficult to capture them in monetary value [72] .
On the other hand, putting values on the different ES from forests and selling them to buyers could create possible opposition from those local and indigenous communities that have been managing and using these resources for a long time [85] . Similarly, buyers of the ES could use them without due consideration of environmental degradation. Most importantly, those who could not afford to pay for the services would not be able to derive benefits from the forest, which will have a significant effect on poor and marginalized sections of the community [83] .
Overall, despite several challenges in governing ES as PES, the scheme still has potential to promote SEG. For instance, if the PES framework and examples are evaluated against the SEG definition and criteria as defined earlier, it contributes to both hierarchical and bottom-up governance, and ensures multi-stakeholders' collaboration, with the active engagement of government and nongovernment agencies and local communities. Similarly, although inadequate, REDD+ and PES policies and frameworks have been supported by different research and policy negotiations, such as the Convention on Biological Diversity, to some extent. Moreover, both approaches seem to have incorporated dissenting views into the governance as a means of governing strategic behavior. Therefore, PES could be regarded as an example of SEG. Yet, there are some areas that could be improved to make governance more effective and sustainable. For instance, criticism around commodification and monetary valuations could be addressed by promoting both monetary and nonmonetary assessments of tangible and intangible services. Similarly, certification could help to avoid unsustainable exploitation of resources. Most importantly, most of the stakeholders should be part of the governance and benefit-sharing process, so that it creates ownership of the resources among different stakeholders and contributes to both effective governance and utilization.
Conclusions
Governance of FES could be a viable option for SEG in the face of different environmental and social challenges. Despite various modes of governing FES, such as hierarchical, scientific-technical, and adaptive collaborative governance being in vogue, none of them are sufficient for SEG on their own. Further, there are some limitations, such as issues surrounding the commodification of nature in PES, and forest certification mostly not incorporating the local context. Therefore, the proper blending of important features of each mode of governance in governing FES in a context-specific manner could serve as a basis for the sustainable management of forest resources on the one hand, and contribute to SEG on the other. A combination of both hierarchical and collaborative governance supported by scientifically and technically aided knowledge could help to that end. For example, sustainable forest management, forest certification, and PES mechanisms are some examples of SEG, with the use of a combination of different approaches and effective stakeholder engagement. Therefore, governing FES holds promise if managed properly with the use of various modes of governance, while still addressing the current limitations.
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